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(54) Phosphorescent phosphor 

(57) A phosphor comprising a matrix of formula 
wherein M is at least one metal selected 
from calcium, strontium and barium, and X is a number 
not equal to 0. the matrix comprising europium as acti- 
vator and, as co-activator, at least one element selected 
from lanthanum, cerium, praseodymium, neodymium. 



samarium, gadolinium, terbium, dysprosium, holmium, 
erbium, thulium, ytterbium, lutetium. manganese, tin 
and bismuth. M may alternatively comprise magnesium 
and at least one metal selected from calcium, strontium 
and barium. X is preferably in the range from -0.33 to 
0.60. 
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Description 

BACKGI=lOUND OF THE INVENTION 

s The present Invention relates to a phosphorescent phosphor, and more particularly, to a novel phosphorescent 

phosphor which shows excellent photo-resistance required for the phosphorescent phosphor to be utilized both indoors 
and outdoors mainly as a night-time display, and which shows an extremely long afterglow characteristics. 

Generally, the afterglow time of a fluorescent substance is short, i.e., the light emitted from the fluorescent sub- 
stance decays immediately after removal from the source of excitation. Unlike such a fluorescent substance, some 
10 substances emit light after having absorbed ultraviolet radiation or the like and afterglow thereof that can be visually 
observed continues for a considerable time (ranging from several tens of minutes to several hours) after the source of 
stimulus is cut off. Such substances are called phosphorescent phosphors. 

As phosphors, sulfide phosphors are known. Examples of sulfide phosphors include CaS : Bi (which emits light of 
violet blue), CaSrS : Bi (which emits light of blue), ZnS : Cu (which emits light of green) and ZnCdS : Cu (which emits 
15 light of yellow or orange). However any of these sulfide phosphors is chemically unstable and shows degraded light 
resistance, i.e., it suffers from problems that must be solved for practical use 

The most extensively used phosphorescent phosphor among such sulfide phosphors is zinc sulfide phosphor 
(ZnS : Cu). However, zinc sulfide phosphor is decomposed as the result of irradiation by ultraviolet radiation in the 
presence of moisture and thus blackens or reduces the luminance thereof. Therefore, it is difficult to use this phosphor 
20 in fields where it is placed outdoors and exposed to a direct sunlight, that is, application thereof is limited to luminous 
clocks/watches or clocks/watches and instrument dials, evacuation guiding signs or indoor nighttime display 

Even when zinc sulfide phosphor is used for a luminous clock, since the afterglow thereof which allows the time 
to be visually recognized lasts only from 30 minutes to 2 hours, a radioactive substance must be doped to the phos- 
phorescent phosphor and a self-luminous paint which keeps emitting light by absorbing an energy of radiation from 
25 radioactive substance must be employed. 

In view of the foregoing, the inventor of the present invention has disclosed a phosphorescent phosphor In Japa- 
nese Patent Application No. 6-4989 which shows afterglow characteristics that last much longer than those of presently 
available sulfide phosphorescent phosphors, and which is chemically stable and shows excellent photo-resistance 
over a long time and which comprises a matrix expressed by MAI2O4 in which M is at least one metal element selected 
30 from a group consisting of calcium, strontium and barium. 

According to the foregoing invention^ the inventor of the present invention took note of alkaline earth metal type 
aluminate activated by europium or the like, which is a novel phosphorescent phosphor completely different from con- 
ventional sulfide phosphors, conducted various experiments, and discovered that this phosphorescent phosphor 
showed afterglow characteristics which lasted much longer than those of currently available sulfide phosphors and 
35 was chemically stable because of it is an oxide type substance and showed excellent photo-resistance. Therefore, the 
inventors came to the conclusion that this phosphorescent phosphors could solve all the problems of the prior art and 
could thus be employed in various applications as a luminous paint or pigment which could be visually recognized for 
a night without containing radioactivity. 

As the foregoing phosphorescent phosphor, there has been suggested a phosphorescent phosphor comprising a 
40 matrix expressed by MAI2O4 in which M is at least one metal element selected from a group consisting of calcium, 
strontium and barium, wherein europium is doped to said matrix as an activator and at least one element selected from 
a group consisting of lanthanum, cerium, praseodymium, neodymium, samarium, gadolinium, terbium, dysprosium, 
holmium, erbium, thulium, ytterbium and lutetium is doped to said matrix as a co-activator. 

Also a phosphorescent phosphor has been suggested which comprised a matrix including a plurality of metal 
45 elements consisting of magnesium doped to M. 

In addition to the two types of phosphorescent phosphors, another phosphorescent phosphor has been suggested, 
in which 0.002 % to 20 % of europium is doped to said matrix as an activator in terms of mol% relative to the metal 
element expressed by M. Another phosphorescent phosphor has been suggested, 0.002 % to 20 % of at least one 
element selected from a group consisting of lanthanum, cerium, praseodymium, neodymium, samarium, gadolinium, 
so terbium, dysprosium, holmium. erbium, thulium, ytterbium and lutetium is doped to said matrix as a co-activator in 
terms of mol% relative to the metal element expressed by M in addition to the europium sen/ing as the activator 

Additionally, it is possible to add 1 - 10 % by weight of boric acid as flux to the starting material to perform the 
aforementioned syntheses of the phosphorescent phosphors. In this case, if the amount of flux is less than 1% by 
weight, the effect of flux vanishes and if the amount of flux exceeds 1 0% by weight, flux is solidified, so that it becomes 
55 difficult to perform the milling and sieving which must be performed later 

Since the foregoing novel phosphorescent phosphors have not been laid open, the contents of the invention applied 
in Japanese Patent Application No. 6-4989 will now be described. 

Examples of phosphorescent phosphor according to the invention disctosed in Japanese Patent Applicatbn No. 
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6-4989 (hereinafter called as a "applied invention") and expressed by MAI2O4 will now be described, the examples 
differing from each other in terms of the type (M) of a metal element, concentration of europium which is the activator 
or type and concentration of the co-activator. 

First, a phosphorescent phosphor which employs strontium as the metal element (M), which employs europium 
s as an activator and which employs no co-activator will be described as example 1 of the applied invention. 

Example 1 of Applied Invention: Synthesis of SrAl204: Eu phosphorescent phosphor and characteristics thereof Sample 
1-(1) 

10 As an activator 1.76 g (0.005 mol) of europium oxide (EU2O3) was added to 146.1 g (0.99 mol) of strontium car- 

bonate having reagent grade and 102 g (1 mol) of alumina having reagent grade and, further, 5 g (0.08 mol) of boric 
acid was added as flux thereto. After the resultant mixture was sufficiently mixed using a ball mill, the sample was fired 
for 1 hour at 1300*C in a stream of nitrogen -hydrogen mixture gas (97 : 3) (flow rate : 0.1 liter/min) using an electric 
furnace. Thereafter, the sample was cooled to a room temperature for about 1 hour. The obtained powder compound 
15 was sieved having 1 00 mesh to obtain phosphorescent phosphor sample 1 -(1 ). 

Fig. 1 shows the results of analysis of the crystal structure of the obtained phosphorescent phosphor by XRD (X- 
ray diffractiometry). It was discovered from the diffraction peak characteristics that the obtained phosphorescent phos- 
phor was SrAl204 having spinel structure. 

Fig. 2 shows the excitation spectrum of that phosphorescent phosphor and the afterglow emission spectrum thereof 
20 obtained after removal from the source of light. 

From the same figure, it was made evident that the peak wavelength of the emission spectrum of SrAl204 : Eu 
phosphorescent phosphor is about 520 nm which indicates green. 

Fig. 3 and Table 2 show the results of the comparison between the measurements of the afterglow characteristics 
of the obtained SrAl204 : Eu phosphorescent phosphor and those of ZnS : Cu phosphor which is available on the 
25 market and which emits light of green (manufactured by Nemoto & Co., LTD : trade mark : GSS. and the wavelength 
of emission peak : 530 nm). 

The afterglow characteristics were measured in the manner described below: 0.05 g of the obtained phosphores- 
cent phosphor powder was taken on a sample plate having an inner diameter of 8 mm and made of aluminum (sample 
thickness : 0.1 g/cm^), and that sample was left in the darkness tor about 15 hours to remove afterglow. Thereafter, 
30 the sample was irradiated by a Dgg standard light source at 200 lux for 10 minutes, and the obtained afterglow was 
measured using a luminance measuring device which employed a photo-multiplier. 

As can be apparent from Fig. 3, the afterglow of SrAl204 : Eu phosphorescent phosphor according to the present 
invention is highly bright and the decay thereof ia slow. As the time passes, a difference in the intensity of afterglow 
between SrAl204 : Eu phosphorescent phosphor and ZnS : Cu phosphor increases. In Figure 3, the broken line indi- 
es cates the level of visually recognizable light intensity (corresponding to a luminance of about 0.3 mCd/m^). it can be 
Inferred from this broken line which indicates the afterglow characteristic of SrAl204 : Eu phosphorescent phosphor 
that afterglow thereof will be recognized 24 hours later. When afterglow of SrAl204 : Eu phosphorescent phosphor was 
actually measured 15 hours after excitation, it was observed as visually recognizable. 

Table 2 shows the intensity of afterglow of sample 1-{1) which was measured 10 minutes, 30 minutes and 100 
40 minutes after excitation, respectively, in terms of the relative value to the light intensity of ZnS : Cu phosphor. It can be 
seen from Table 2 that the afterglow luminance of SrAl204 : Eu phosphorescent phosphor according to the applied 
invention, measured 10 minutes after excitatk^n, is 2. 9 times that of ZnS : Cu phosphor, and that the afterglow luminance 
of SrAl204 : Eu phosphorescent phosphor according to the present invention, measured 100 minutes after excitation, 
is 1 7 times that of ZnS : Cu phosphor. 
45 Fig. 4 shows the results of the examination of the thermo-luminescence characteristics (glow curves) of SrAl204 : 

E u phosphorescent phosphor according to the applied invention which were measured when the phosphorescent phos- 
phor was illuminated in a temperature range between the room temperature and 250°C using a TLD reader (KYOKKO 
TLD-2000 system). It can be seen from Fig. 4 that the thermo-luminescence characteristics of the phosphorescent 
phosphor according to the present inventbn have three glow peaks at about 40*C, 90''C and 1 30**C, and that the peak 
50 at ISO^'C is the main glow peak. The glow curve of ZnS : Cu phosphor, indicated by the broken line in Fig. 4, peak at 
about 40°C. It is considered that a deep trapping level of SrAl204 : Eu phosphorescent phosphor according to the 
applied invention, corresponding to a high temperature of 50°C or above, increases the time constant of afterglow, and 
thus enhances the afterglow characteristics over a long time. 

55 Samples 1 -(2) through 1 -(7) 

SrAl204 : Eu phosphorescent phosphor samples (sample 1 -(2) through 1 -(7)) having compositions shown in Table 
1 were manufactured in the same manner as that of sample 1 -(1 ) with the exception that the concentration of europium 
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was altered, as shown in Table 1 . 



TABLE 1 
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Material Mixing Ratio 


carbonate 


Strontium Alumina 


Europium 


Sample 1-(2) 


0.99998 mol 


1 .0 mol 


0.00001 mol 


(3) 


0.9999 


1.0 


0.00005 


(4) 


0.995 


1.0 


0.0025 


(5) 


0.97 


1.0 


0.015 


(6) 


0.90 


1.0 


0.05 


(7) 


0.80 


1.0 


0.1 



IS 



20 



25 



30 



35 



40 



45 



SO 



SS 



The results of the examination of the afterglow characteristics of these samples 1 -(2) through 1 -(7), together with 
those of sample 1 -(1 ), are shown in Table 2. 

It can be seen from Table 2 that if the amount of added Eu is between 0.005 mol and 0.1 mol, the afterglow 
characteristic of SrAl204 is more excellent than ZnS : Cu phosphor and the afterglow luminance 10 minutes atter is 
also more excellent than ZnS : Cu phosphor. Furthermore, even when the proportion of Eu is 0.00002 mol or 0.2 mol, 
afterglow of SrAl204 : Eu phosphorescent phosphor has a higher luminance than that of ZnS : Cu phosphor 30 minutes 
after excitation ceases. 

Further, since Eu is expensive, it economy and deterioration in the afterglow characteristics due to concentration 
quenching are taken into consideration, addition of Eu at a proportion of 0.2 mol (20 mol%) or above is meaningless. 
Conversely, when judging in terms of afterglow characteristics, although the luminance of SrA^04 10 minutes after 
excitation is lower than ZnS : Cu phosphor when the amount of Eu is between 0.00002 mol (0.002 mol%) and 0.0001 
mol (0.01 mol%), it has a higher luminance than ZnS : Cu phosphor 10 minutes after cessation of excitation, thereby 
indicating that the effect of added Eu as an activator is evident. 

Further, since SrAl204 : Eu phosphorescent phosphor is an oxide, it is chemically stable and shows excellent 
photo-resistance when compared with conventional sulfide phosphors (see Tables 24, 25). 

TABLE 2 



Sample 


Luminance 10 minutes after 


Luminance 30 minutes after 


Luminance 100 minutes after 


ZnS:Cu Std. 


1.00 


1.00 


1.00 


Sample 1-(1) 


2.90 


6.61 


17.0 


(2) 


0.41 


1.20 


3.10 


(3) 


0.56 


1.50 


4.80 


(4) 


2.40 


4.50 


13.5 


(5) 


3.01 


7.04 


19.2 


(6) 


1.10 


2.70 


10.3 


(7) 


0.32 


1.11 


3.02 



Next, a phosphorescent phosphor which employs strontium as the metal element (M) and which employs europium 
as an activator and dysprosium as a co-activator will be described as example 2 of the applied invention. 

Example 2 of the Applied Invention: Synthesis of SrAl204 : Eu, Dy phosphorescent phosphor and characteristics thereof 
Sample 2-(1) 

As an activator and as a co-activator. 1.76 g (0.005 mol) of europium oxide (EU2O3) and 1. 87 g (0.005 mol) of 
dysprosium oxide (DygOg) were added, respectively to 144.6 g (0.98 mol) of strontium carbonate having reagent grade 
and 102 g (1 mol) of alumina having reagent grade. Further, for example. 5 g (0.08 mol) of boric acid is added thereto 
as flux. After the resultant mixture was sufficiently mixed using a ball mill, the sample was fired for 1 hour at 1300'*C 
in a stream of nitrogen -hydrogen mixture gas (97 : 3) (flow rate : 0.1 liter/min) using an electric furnace. Thereafter, 
the sample was cooled to a room temperature for about 1 hour. The obtained powder compound was sieved having 
100 mesh to obtain phosphorescent phosphor sample 2-(1). 

The afterglow characteristics of this phosphorescent phosphor were examined in the same manner as that de- 
scribed above. The results of the examination are shown in sample 2-(1 ) of Fig. 5 and Table 4. 
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As can be seen from Fig. 5. the afterglow luminance of SrA!204. Eu. Dy phosphorescent phosphor according to 
the applied invention, parlicularty. the luminance of afterglow at an initial stage thereof is much higher than that of ZnS : 
Cu phosphor, and the decay time constant thereof is high. These indicate that SrAl204 : Eu. Dy phosphorescent phos- 
phor according to the present invention is an epoch-making high-luminance phosphorescent phosphor. It can be seen 
from both the visually recognizable afterglow intensity level and the afterglow characteristic of this SrAl204 : Eu, Dy 
phosphorescent phosphor, shown in Fig. 5, that afterglow of this phosphorescent phosphor will be recognized even 
16 hours later. 

Table 4 shows the intensity of afterglow of sample 2-(1) which was measured 10 minutes, 30 minutes and 100 
minutes, respectively after excitation in terms of the relative value to the aftergtow luminescence intensity of ZnS : Cu 
phosphor. It can be seen from Table 4 that the afterglow luminance of SrAl204 : Eu, Dy phosphorescent phosphor 
according to the applied invention, measured 10 minutes after excitation, is 12.5 times that of ZnS : Cu phosphor, and 
that the afterglow luminance of SrAl204 : Eu, Dy phosphorescent phosphor according to the present invention, meas- 
ured 100 minutes after excitation, is 37 times that of ZnS : Cu phosphor. 

Fig. 6 shows the results of the examination of the thermo-luminescence characteristics (glow cun/es) of SrAl204 : 
Eu, Dy phosphorescent phosphor according to the applied invention and previously irradiated which was conducted 
in a temperature range between the room temperature and 250"C. It can be seen from Figs. 6 and 4 that addition of 
Dy as a co-activator has changed the main glow peak temperature of thermo-luminescence from ISO'^C to 90'C. A 
high intensity of emission from the trapping level corresponding to 90"C is considered the cause of a higher luminance 
of afterglow at the initial stage thereof than that of SrAl204 : Eu phosphorescent phosphor 

Samples 2-(2) through 2-(7) 

SrAl204 : Eu. Dy phosphorescent phosphor samples (sample 2-(2) through 2-(7)) having compositions shown in 
Table 3 were manufactured in the same manner as that of sample 2-(1) with the exception that the proportion of dys- 
prosium was altered, as shown in Table 3. 

TABLE 3 



Sample 


Material Mixing Ratio 


Strontium 


carbonate 


Europium 


Dysprosium 


Sample 2-{2) 


0.98998 mol 


1.1 moi 


0.005 mol 


0.00001 mol 


(3) 


0.9899 


1.0 


0.005 


0.00005 


(4) 


0.985 


1.0 


0.005 


0.0025 


(5) 


0.94 


1.0 


0.005 


0.025 


(6) 


0.92 


1.0 


0.005 


0.035 


(7) 


0.79 


1.0 


0.005 


0.10 



The results of the examination of the afterglow characteristics of these samples 2-(2) through 2-(7), together with 
those of sample 2-(1), are shown in Table 4. 

It can be seen from Table 4 that, considering that SrAl204 : Eu. Dy phosphorescent phosphor has a more excellent 
afterglow characteristic and more excellent luminance 1 0 minutes after excitation than ZnS : Cu phosphor, the optimum 
proportion of Dy. served as the co-activator, is between 0.005 mol to 0.1 mol. However, even when the proportion of 
Dy is 0.00002 mol, afterglow of SrAl204 : Eu. Dy phosphorescent phosphor has a higher luminance than that of ZnS : 
Cu phosphor 30 minutes after excitation ceases. This fact indicates the effects of added Eu and Dy as an activator 
and a co-activator, respectively. Further, since Dy is expensive, if economy and deterioration in the afterglow charac- 
teristics due to concentration quenching are taken into consideration, addition of Dy at a proportion of 0.2 mol (20 
mol%) or above is meaningless. 

Further, since SrAl204 : Eu, Dy phosphorescent phosphor is an oxide, it is chemically stable and shows excellent 
photo-resistance when compared with conventional sulfide phosphors (see Tables 24, 25). 

Table 4 





Sample 


Luminance 10 minutes after 


Luminance 30 minutes after 


Luminance 100 minutes after 


65 


ZnS: Cu Std 


1.00 


1.00 


1.00 


Sample 2-{1) 


12.5 


19-6 


37.0 



Continuation of the Table on the next page 
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Sample 



Sample 2-(2) 
Sample 2-(3) 
Sample 2-(4) 
Sample 2-(5) 
Sample 2-(6) 
Sample 2-(7) 



Luminance 10 minutes after 



0.943 

1.5 
11.7 
20.4 
18.6 

1.95 



Luminance 30 minutes after 



1.57 

1.7 
17.3 
28.8 
26.3 

2.66 



Luminance 100 minutes after 



2.00 

2.1 
22.1 
40.2 

36.4 
3.30 



. nhn^ohorescent phosphor which employs strontium as the metal element (M) and which employs europium 

Example3ottheApplied invention: SynthesisofSr/Mp,:Eu.Ndphosphorescentphosphorand^^^^^^^ 
Samples 3-(1) through 3-(7) 

SrAI O • Eu Nd phosphorescent phosphor samples having compositions shown in Table 5 were ^^^'^^ 
in the s^e nfanne^a'stardescribed'aboSe with the exception tha, the proportion o, neodym.um was altered, as 
shown in Table 5. 

TABLE 5 



Sample 




Material Mixing 


Ratio 


Strontium carbonate 


Alumina 


Europium 


Neodymium 


Sample 3-(1 ) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


0.98998 mol 

0-9899 

0.985 

0.980 

0.94 

0.92 

0.79 


1 .0 mol 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


0.005 mol 

0.005 

0.005 

0.005 

0.005 

0.005 

0.005 


0.00001 mol 

0.00005 

0.0025 

0-005 

0.025 

0.035 

0.10 



The results of the examinatton of the aftergtow characteristics of these samples 3-(1 ) through 3-(7) are shown in 
Table 6. 



TABLE 6 




Sample 


Luminance 10 minutes after 


Luminance 30 minutes alter 


Luminance 100 minutes after 


ZnS: Cu Std. 


1.00 


I. 00 
0.91 
1.02 
8.50 

II. 75 
11.55 
10.21 

2.54 


1.00 
1.12 


Sample 3-(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 


0.71 

0.73 

6.20 

9.05 

9.01 

8.50 

2.35 


I. 25 
11.14 
14.29 
13.98 

II. 96 
2.86 
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• 



photo-resistance when compared with conventional sulfide phosphors (see Tables 24. 25). 

Fig. 7 shows the results of the examination of the thermo-luminescence characteristics (glow curves) of SrAl204 : 
Eu, Nd phosphorescent phosphor sample 3-(4) according to applied invention and previously irradiated which was 
conducted in a temperature range between the room temperature and 250^C. It can be seen from Fig. 7 that the main 
peak temperature of thermo-luminescence of the phosphorescent phosphor In which Nd is doped as a co-activator Is 
about SOX. 

Next, a phosphorescent phosphor which employs strontium as the metal element (M). which employs europium 
as an activator and. which emptoys, as a co-activator, one element selected from a group consisting of lanthanum, 
cerium, praseodymium, samarium, gadolinium, terbium, holmium, erbium, thulium, ytterbium, lutetium. manganese, 
tin, bismuth will be described as example 4 of the applied invention. 

In the case of europium, neodymium or dysprosium as an activator or a conactivator, addition thereof at a proportion 
of 0.01 mol relative to the metal element (M) assured the high afterglow luminance. With this fact taken into consider- 
ation, only the samples in which the Eu concentration of the activator is 1 mol% (0.01 mol) and the concentration of 
the co-activator is 1 moi% (0.01 mol) are shown. 

Example 4 of Applied Invention: Advantage of doping of another co-activator to SrAl204 : Eu phosphorescent phosphor 

Table 7 shows the results of the examination of the afterglow characteristics of the phosphorescent phosphor 
samples to which lanthanum, cerium, praseodymium, samarium, gadolinium, terbium, holmium. erbium, thulium, yt- 
terbium, lutetium, manganese, tin and bismuth were added, respectively, as the co-activator 

As can be seen from Table 7, the afterglow characteristics of any of SrAl204 : Eu phosphorescent phosphors doped 
with co-activators, improved as the time of more than 30 or 100 minutes elapsed after cessation of excitation, as 
compared with those of currently available ZnS : Cu phosphor which was used as the comparison, and were thus at 
a level which allowed the phosphorescent phosphor to be put into practical use. 

Since SrAl204 : Eu phosphorescent phosphor is an oxide^ it is chemically stable and shows excellent photo-re- 
sistance when compared with conventional sulfide phosphors (see Tables 24, 25). 

Table 7 



Sample 


Luminance 10 minutes after 


Luminance 30 minutes after 


Luminance 100 minutes after 


ZnS: Cu Std 


1.00 


1.00 


1.00 


SrAl204:Eu, La 


0.33 


0.74 


1.14 


SrAl204:Eu, Ce 


0.46 


0.93 


1.35 


SrAl204:Eu, Pr 


1.24 


2.63 


7.51 


SrAl204:Eu, Sm 


3.40 


4.82 


9,0 


SrAl204:Eu. Gd 


0,51 


1.30 


2.27 


SrAl204:Eu, Tb 


1.46 


2.81 


7,54 


SrAl204:Eu, Ho 


1.06 


2.09 


6.29 


SrAl204:Eu, Er 


0.63 


1.43 


3.18 


SrAl204:Eu, Tm 


0.81 


1.53 


3.28 


SrAl204:Eu, Yb 


0.61 


1.28 


2.99 


SrAl204:Eu. Lu 


0.49 


1.01 


3.40 


SrAl204:EU: Mn 


0.81 


1.86 


5.57 


SrAl204:Eu, Sn 


1.93 


3.61 


7.92 


SrAl204:Eu, Bi 


0.72 


1.77 


5.55 



SO 



Next, a phosphorescent phosphor, which employs calcium as the metal element (M), which employs europium as 
an activator and which employs no co-activator, and a phosphorescent phosphor which employs calcium as the metal 
element, which employs europium as an activator and which employs, as a co-activator, at least one element selected 
from a group consisting of lanthanum, cerium, praseodymium, neodymium, samarium, gadolinium, terbium, dysprosi- 
um, holmium. erbium, thulium, ytterbium, lutetium. manganese, tin and bismuth will be described below as example 5 
of the applied invention. 

Example 5 of the Applied Invention: Synthesis of CaAl204 : Eu phosphorescent phosphor and characteristics thereof 
Europium oxide (EU2O3) as an activator was doped to calcium carbonate having reagent grade and alumina having 
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reagent grade and 5 g (0.08 mol) of boric acid was doped thereto as flux. 

Europium oxide (EU2O3) and either of lanthanum oxide, cerium oxide, praseodymium oxide, neodymium oxide, 
samarium oxide, gadolinium oxide, terbium oxide, dysprosium oxide, holmium oxide, erbium oxide, thulium oxide, 
ytterbium oxide, lutetium oxide, manganese oxide, tin oxide and bismuth oxide were added, as an activator and a co- 
activator respectively, to calcium carbonate having reagent grade and alumina having reagent grade and 5 g (0.08 
mol) of boric acid was added thereto as flux. After the resultant mixture was sufficiently mixed using a ball mill, the 
sample was fired for 1 hour at 1300**C in a stream of nitrogen-hydrogen mixture gas (97:3) (flow rate: 0.1 liter/min) 
using an electric furnace. Thereafter, the sample was cooled to a room temperature for about 1 hour. The obtained 
powder compound was sieved having ICQ mesh to obtain phosphorescent phosphor sample 5-(1) through 5-(42). 

Fig. a shows the results of analysis of the crystal structure of the obtained sample 5-{2) by XRD. It was discovered 
from the diffraction peak characteristics that the obtained phosphorescent phosphor was monoclinic CaAl204. 

Figs. 9 and 10 show the results of the examination of the thermo-luminescence characteristics (glow curves) of 
samples 5-(10), 5-(16), 5-(22) and 5-(2B) which employed, as the co-activator, neodymium, samarium, dysprosium, 
and thulium, respectively In either case, the glow curve has a peak in the high-temperature range of 50"C or above. 
This implies that these phosphorescent phosphors have long-lasting afterglow characteristics. The emission spectrum 
of afterglow of each of the samples had a peak at about 442 nm, as shown in Fig. 11 , and the color of afterglow was 
thus blue. 

The afterglow characteristics of each of the samples were relatively compared with the afterglow characteristics 
of currently available CaSrS : Bi phosphorescent phosphor which emitted light of blue (manufactured by Nemoto Co.. 
LTD trademark: BA-S. and the wavelength of emission peak : 454 nm) in Tables 8 through 13. As is apparent from 
Table 8, when the proportion of Eu in CaAl204 : Eu phosphorescent phosphor is 0.01 mol (1.0 mol%). although the 
luminarice of afterglow at an initial stage thereof is low, it increases substantially to that of the currently available 
phosphorescent phosphor 100 minutes after cessatk^n of excitation. As shown in Tables 9 through 13. addition of a 
co-activator further increased the afterglow luminance. This happened whichever type of co-activator was employed. 
Particularly, addition of Nd, Sm and Tm was greatly effective, and thus provided a super high luminance blue emission 
color phosphorescent phosphor which was an order of magnitude brighter. Fig. 1 2 shows the results of the examination 
of the long-lasting afterglow of these high-luminance phosphorescent phosphors obtained by adding Nd, Sm and Tm 
as a co-activator. 

In more detail, Table 8 shows the afterglow characteristics of phosphorescent phosphors which employ calcium 
and europium as the metal element (M) and the activator, respectively and which employ no co-activator, the phos- 
phorescent phosphors being shown in 5-(1) through 5-(6). 



Table 8 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:BI 


1.00 


1.00 


1.00 


5-(1) CaAl204:Eu (Eu: 


0.18 


0.16 


0.14 


0.001 mol7o) 








5-(2) CaAl204:Eu (Eu: 


0.21 


0.18 


0.17 


0.01 mol%) 






0.35 


5-(3) CaAl204:Eu (Eu:0.1 


0.25 


0.27 


mol%) 






0.90 


5-(4) CaAl204:Eu (Eu:0.5 


0.41 


0.60 


mol%) 






0.65 


5-(5) CaAl204:Eu (Eu:2.5 


0.37 


0.45 


mot%) 






0.39 


5-(6) CaAl204:Eu (Eu:10 


0.25 


0.28 


mol%) 









50 



Table 9 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
neodymium as the metal element (M), the activator, and the co-activator, respectively the phosphorescent phosphors 
being shown in 5-(7) through 5-(12). 
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Table 9 





Sample 


Luminance 10 minutes 


Luminance 30 minutes 


Luminance 100 minutes 




after 




after 


5 


Std. CaSrS:Bi 


1.00 


1.00 


1.00 




5-(7) CaAl204:Eu. Nd 


0.53 


0.78 


1.01 




(Eu: 0.5 mol% Nd: 0.001 










mol%) 








10 


5-(8) CaAl204:Eu, Nd 
(Eu: 0.5 mol% Nd: 0.01 
mol%) 


1.05 


1.53 


2.60 




5-(9) CaA!204:Eu, Nd 


8.68 


11.8 


20.3 




(Eu: 0.5 mol% Nd: 0.1 








15 


mol%) 










5-(10) CaAl204:Eu, Nd 


9.87 


14.0 


25.0 




(Eu: 0.5 mol% Nd: 0.5 










mol%) 










5-(11) CaAl204:Eu, Nd 


3.18 


4.51 


8.05 


20 


(Eu: 0.5mo(% Nd: 2.5 
mo!%) 










5-(12) CaAl204:Eu, Nd 


0.84 


1.18 


2.02 




(Eu: 0.5 mol% Nd: 10 








25 


mol%) 









Table 10 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
samarium as the metal element (M), the activator, and the co-activator, respectively, the phosphorescent phosphors 
being shown in 5-(13) through 5-(18). 



Table 10 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:BI 


1.00 


1.00 


1.00 


5-(13) CaAl204:Eu, Sm 


0.71 


0.98 


1.23 


(Eu: 0.5 mol% Sm: 0.001 








mol%) 






2.55 


5-(14) CaAl204:Eu, Sm 


0,94 


1.43 


(Eu: 0.5 mol% Sm: 0.01 








moi%) 








5-(15) CaAl204:Eu. Sm 


4.21 


6.32 


11.x 


(Eu: 0.5 mol% Sm: 0.1 








mor/o) 








5-(16) CaAl204:Eu. Sm 


4.61 


7.00 


12.5 


(Eu: 0.5 mol% Sm: 0.5 








mol%) 






5.80 


5-(17) CaAl204:Eu, Sm 


2.14 


3.25 


(Eu: 0.5 mol% Sm: 2.5 








mor/o) 






1.71 


5-(18) CaAl204:Eu, Sm 


0.63 


0.96 


(Eu: 0.5 mol%Sm: 10 








moP/o) 









55 



Table 11 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
dysprosium as the metal element (M), the activator, and the co-activator, respectively, the phosphorescent phosphors 
being shown in 5-(19) through 5-(24). 
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Table 11 



10 



15 



20 



25 



Sample 


1 iiminAnrp 10 minutes 

after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bj 


1.00 


1 ,uu 


1 .00 
n on 


5-(19) CaAl204:Eu. Dy 


0.30 


0.24 


(Eu: 0.5 mol% Dy: 0.001 








moP/o) 






u.oo 


5-(20) CaAl204:Eu, Dy 


0.41 


0.39 


(Eu: 0.5 mol% Dy: 0.01 








mol%) 






O./b 


5-(21)CaAl204:Eu, Dy 


0.52 


0.60 


(Eu: 0.5 mol% Dy: 0.1 








mol%) 






1 .^5 


5-(22) CaAi204:Eu. Dy 


0.76 


0.90 


(Eu: 0.5 mol% Dy: 0.5 








mol%) 






1.76 


5-(23) CaAl204:Eu, Dy 


0.84 


1.18 


(Eu: 0.5 mo!% Dy: 2.5 mol 








(%) 

5-(24) CaAl204:Eu. Dy 


0.50 


0.58 


0.76 


(Eu: 0.5 mol%Dy: 10 








nnol%) 









30 



35 



40 



45 



SO 
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Table 12 shows the afterglow characteristics of phosphorescent phosphors which employ calcium europiurn and 
thulium as the metal element (M). the activator, and the co-activator. respectively, the phosphorescent phosphors being 
shown in 5-(25) through 5-(30). 

Table 1 2 



Sample 



Luminance 10 minutes 
after 



Luminance 30 minutes 
after 



Luminance 100 minutes 
after 



Std. CaSrS:Bi 
5-(25) CaAl204:Eu, Tm 
(Eu: 0.5 mol% Dy: 0.001 
mo»%) 

5-(26) CaAl204:Eu, Tm 
(Eu: 0.5 mol% Tm: 0.01 
mol%) 

5-(27) CaAl204:Eu, Tm 
(Eu: 0.5 mol%Tm: 0.1 
mol%) 

5-(28) CaAl204:Eu, Tm 
(Eu: 0.5 mol%Tm: 0.5 

moP/o) 

5-(29) CaAl204:Eu, Tm 
(Eu: 0.5 mol%Tm: 2.5 
mol%) 

5-(30) CaAl204:Eu. Tm 
(Eu: 0.5 mol7oTm: 10 
mol%) 



1.00 
1.04 



2.09 



4.89 



6.55 



0.634 



0.151 



1.00 
1.36 



2.65 



5.78 



9.04 



1.19 



0.358 



1.00 
1.81 



3.75 



8.70 



18.6 



2.68 



0.755 



Table 1 3 shows the afterglow characteristics of phosphorescent phosphors which employ calcium, europium and 
either of lanthanum, cerium, praseodymium, gadolinium, terbium, holmium. ^^^^^^'f '^^^^^^^^ 
tin and bismuth as the metal element (M). the activator, and the co-act.vator. respectn/ely, the phosphorescent phos 
phors being shown in 5-(31 ) through 5-(42). 
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1 mol% of europium as the activator and another co-activator were each doped to the phosphorescent phosphors 
shown in 5-(31 ) through 5-(42). 



Table 13 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1 nn 


1.00 


1.00 
0.81 


(31) CaA!204: Eu. La 




0.67 


(Eu: 0.5 mol% La: 0.5 








mot%) 






1.96 


(32) CaAl204: Eu, Ce 


0.84 


1.23 


(Eu: 0.5 mol% Ce: 0.5 








mol%) 






1.13 


(33) CaAlgO^. Eu.Pr (Eu: 


0.58 


0.82 


0.5 mol% Pr: 0.5 moI%) 






1.26 


(34) CaAl204:Eu, Gd 


0.66 


0.91 


(Eu: 0.5 mol% Gd: 0.5 








mol%) 






2.08 


(35) GaAl204:Eu. Tb (Eu: 


0.84 


1.31 


0.5 mol% Tb: 0.5 mol%) 




1.33 


2.39 


(36) CaAl204:Eu, Ho 


0.98 


(Eu: 0.5 mol% Ho: 0.5 








mol%) 






0.98 


(37)CaAl204:Eu,Er(Eu: 


0.56 


0.76 


0.5 mol% Er: 0.5 mol%) 






1.28 


(38) CaA!204:Eu, Yb 


0.70 


u.yi 


(Eu: 0.5 mol%Yb:0.5 








mol%) 






1.24 


(39) CaAl204:Eu, Lu (Eu: 


0.68 


0,90 


0.5 moI% Lu: 0.5 mol%) 






0.58 


(40) CaAl204:Eu. Mn 


0.31 


0.42 


(Eu: 0.5 mol% Mn: 0.5 








moi%) 

(41) GaAl204:Eu, Sn 


0.45 


0.58 


0.73 


(Eu: 0.5 mol% Sn: 0.5 








moP/o) 

(42) GaAl204:Eu, Bi (Eu: 


0.25 


0.33 


0.48 


0.5 mol% Bi: 0,5 moi%) 









20 



25 



30 



35 



40 



45 



SO 
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Next a phosphorescent phosphor which employs, calcium europium and neodymium as the metal e'ement (M)^ 
the activator and the co-actlvator. respectively while another co-activator is added thereto at the same fme w>ii be 
described as example 6. 

Example 6 of Applied Invention Synthesis of CaAl204 ; Eu. Nd phosphorescent phosphor and characteristics thereof 
Europium oxide (Eu203)as an activator and neodynriumasaco-acth/ator were addedtocalciumcarbonatehaving 
reaaent orade and alumina having reagent grade and 5 g (0.08 mol) of boric acid was added thereto as flux. 

opTur^ oxide (Eu.Oa) as an activator, neodymium as a co-activator, and further, erther of 'anthanum ox.de^ 
cerium Side, praseiyr^ium oxide, samarium oxide, gadolinium oxide, terbium oxide. ;^V«P-J7^ ^^^^ 
oxide, erbium oxide, thulium oxide, ytterbium oxide, lutetium oxide, manganese ox.de, tin ^'^''^^^ 
except neodymium oxide as another co-activator were doped to calcium carbonate having reagent grade and alumina 
S"Sent gTade and 5 g (0.08 moi) of borfc acid was added thereto as flux. Alter the resuHant mixture was 
sSnrmTxed u 'ng a ball mill, the sample was fired for 1 hour at 1 300-C in a stream of ""-f -•^V^^™^^^^^^^^ 
oasX 3Uflowrate 0 11iter/min)usingane^ 

for about 1 E. The obtained polder compound was sieved havhg 100 mesh to obtain phosphorescent phosphor 
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sample 6-{1 ) through 6-(43). 

Various samples were manufactured with 1 mol% of Eu, 1 mol% of Nd and 1 mol% of another co-activator and 
the afterglow luminances 10 minutes. 30 minutes and 100 minutes after excitation were measured. Table 14 shows 
the results in 6-(1 ) through 6-(15). 

Table 14 



Sample 


Luminance 10 minutes 


Luminance 30 minutes 


Luminance 100 minutes 


after 


after 


after 




1.0 


1.0 


1.0 


CaAl204: Eu. Nd 


9.87 






6-(1) CaAl204.cU. Nd, La 




23.2 


29.5 


(2)CaAl204:Eu. Nd, 


12.7 


1 7.5 


26.9 


Ce 








(3) CaAl204:Eu. Nd, 


13.3 


18.1 


27.7 


Pr 








(4)CaAl204:Eu. Nd. 


8.20 


12.6 


22.6 


Sm 








(5)CaAl204:Eu. Nd. 


16.7 


21.3 


33.5 


Gd 








(6)CaAl204:Eu. Nd. 


13.8 


17.2 


25.5 


Tb 








(7)CaAl204:Eu.Nd, 


14.8 


18.9 


30.8 


Dy 






34.3 


(8)CaAl204:Eu.Nd. 


16.5 


21.6 


Ho 








(9)CaAl204:Eu.Nd, 


15.9 


21.0 


33.8 


Er 








(10) CaAl204.bU. 




6.69 


13.4 


Nd, Tm 








(11)CaAl204:Eu. 


11.0 


16.9 


27.9 


Nd, Yb 








(12) CaAl204:Eu. 


10.2 


15.2 


25.2 


Nd, Lu 








(13) CaAl204:Eu. 


6.45 


8.01 


11.9 


Nd, Mn 








(14) CaAl204:Eu. 


11.4 


14.1 


21.2 


Nd, Sn 








(15) CaAl204:Eu. 


10.6 


13.5 


21.4 


Nd. Bi 
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25 
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It was recognized from the result of the measurement that the co-activators doped together with neodymium which 
have a particularly excellent afterglow luminance, were lanthanum, dysprosium, gadolinium, holmlum, erbium and the 
like. 

Then, with 1 mol% of Eu and 1 mol% of Nd. the concentration of lanthanum was changed from 0.2 mol% to 20 
mol%. Table 15 shows the result of the experiment in 6-(16) through 6-(21). 



Table 15 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1.0 


1.0 


1.0 


(16) CaAl204: Eu, Nd 


9.87 


14.0 


25.0 


(Eu: 0.5 mol% Nd: 0.5 








mol%) 









50 
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Table 15 


(continued) 




Ssmplo 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


\ \ / } OarM2^4- t-^i inu, v-a 


14.1 


18.2 


29.3 










mol% La: 0.1 mol%) 






28.S . 


MR\ HaAUOj* Eu Nd La 


15.5 


18.2 


^tu. u.o moi /o iNu. 








moi /o La. u.o moi /o/ 




23-2 


29.5 


(1)CaAl204: Eu. Nd. U 


20.6 


(Eu: 0.5 mol7o Nd: 0.5 








mol% La: 0.5 mol%) 






0.858 


(19) CaA!204: Eu. Nd. La 


1.42 


1.05 


(Eu: 0.5 nnol% Nd: 0.5 








moP/o La: 1.0mol%) 








(20) CaAl204: Eu, Nd. La 




Measurement Limit 




(Eu: 0.5 mol% Nd: 0.5 








moP/o La: 2.0 moi%) 








(21)CaAl204:Eu,Nd, La 




Measurement Limit 




(Eu: 0.5 mol% Nd: 0.5 








mol7oLa: 10mol%) 
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With 1 mol% Of Eu and 1 mol% of Nd. the concentration o1 dysprosium was changed from 0.2 mol% to 20 mol%. 
Table 16 shows the result of the experiment in 6-(22) through 6-(27). 



Table 16 



Sample 



Luminance 10 minutes 
after 



Luminance 30 minutes 
alter 



Luminance 100 minutes 
after 



so 



55 



Std. CaSrS:Bi 

(22) CaAl204: Eu, Nd 
(Eu: 0.5 moi% Nd: 0.5 
mol%) 

(23) CaAl204 : Eu. Nd. 
Dy (Eu: 0.5 moI7o Nd: 0.5 
moP/o Dy: 0.1 moP/o) 

(24) CaAl204: Eu.Nd.Dy 
(Eu: 0.5 mol7o Nd: 0.5 
mol7o Dy: 0.3 mol7o) 
(7) CaAl204 : Eu. Nd, Dy 
(Eu: 0.5 mol7o Nd: 0.5 
mo!7o Dy: 0.5 mol%) 

(25) CaA!204 : Eu. Nd. 
Dy (Eu:0.5mol%Nd:0.5 
moP/o Dy: 1.0 mol%) 

(26) CaAl204 : Eu, Nd. 
Dy (E : 0.5 mol% Nd: 0.5 
moP/o Dy: 2.0 mol%) 

(27) CaAl204:Eu, Nd.Dy 
(Eu: 0.5 mol% Nd: 0.5 
moP/o Dy: 10 moi%) 



1.0 
9.87 



4.32 



8.91 



14.8 



12.1 



7.49 



1.84 



1,0 
14.0 



6.76 



14.0 



18.9 



18.3 



10.3 



1.0 
25.0 



12.0 



24.2 



30.8 



27.8 



16.0 



1.29 



0.998 



With 1 moP/o of Eu and 1 mol% of Nd. the concentration of gadolinium was changed from 0.2 mol% to 20 mol%. 
Table 17 shows the result of the experiment in 6-(28) through 6-(32). 
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Table 17 





1 iiminflnra 10 minutes 

after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:BI 


1.0 


1 .0 




CaAl204:Eu, Nd (Eu.0.5 


9.87 


14.0 


25,0 


mol% Nd: 0.5 mol%) 






oU.U 


(28) CaAl204: Eu, Nd. 


11.8 


17,4 


Gd(Eu:0.5mol%Nd:0.5 








mol% Gd: 0.1 nnol%) 






29.8 


(29) CaAl204: Eu, Nd, 


12.7 


17.8 


Gd(Eu:0.5mol%Nd:0.5 








mol% Gd: 0.3 mol%) 






33. o 


(5) CaA!204:Eu, Nd, Gd 


16.7 


21,3 


(Eu: 0.5 mol% Nd: 0.5 








mol% Gd: 0.5 nnol7o) 






26.5 


(30) CaAl204: Eu. Nd. 


10.8 


15.7 


Gd (Eu: 0.5 ml% Nd: 0.5 








mol% Gd: 1 .0 mol%) 








(31) CaAl204: Eu. Nd. 


18.0 


21.7 


29.5 


Gd(Eu:0.5mol%Nd:0.5 








mol% Gd: 2.0 mor/o) 








(32) CaAl204: Eu. Nd. 


1.01 


0.764 


0.590 


Gd(Eu:0.5mol%Nd:0.5 








mol% Gd: 10 mol%) 
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With 1 mol% of Eu and 1 mol% of Nd. the concentration of holmium was changed from 0.2 mol7o to 20 moi%. 
Table 18 shows the result of the experiment in 6-(33) through 6-(37). 



Table 18 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. GaSrS:Bi 


1,0 


1.0 


1.0 


GaAl204: Eu. Nd (Eu: 0.5 


9.87 


14.0 


25.0 


moP/o Nd: 0.5 moI%) 






25.3 


(33) GaAl204: Eu. Nd, Ho 


10.4 


14.4 


(Eu: 0.5 mol7o Nd: 0.5 








mol7o Ho: 0.1 mol%) 






27.0 


(34) CaAl204: Eu. Nd, Ho 


12.0 


16,2 


(Eu: 0.5 mol% Nd: 0.5 








mol7o Ho: 0.3 mol7o) 






34.3 


(8) CaAl204:Eu, Nd, Ho 


16.5 


21.6 


(Eu: 0.5 mol7o Nd: 0.5 








mol7o Ho: 0.5 mol7o) 






26.3 


(35) CaAl204: Eu. Nd, Ho 


13.4 


16.9 


(Eu: 0.5 mol7o Nd: 0.5 








moP/o Ho: 1 .0 mol%) 






23.S 


(36) CaAl204: Eu, Nd, Ho 


13.3 


16.0 


(Eu: 0.5 mol7o Nd: 0.5 








mol7o Ho: 2.0 mol%) 






0.782 


(37) CaAl204: Eu, Nd, Ho 


1.20 


0.914 


(Eu: 0.5 mol7o Nd: 0,5 








mol7o Ho: 10mol%) 
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With 1 mol% of Eu and 1 mol% of Nd. the concentration of erbium was changed from 0.2 mol% to 10 mol%. Table 
19 shows the result of the experiment in 6-(38) through 6-(43). 



Table 19 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 


1 .u 


1 n 


1.0 


CaAi204: Eu. Nd (Eu: 0.5 


9.87 


l4.U 


25.0 


mol% Nd: 0.5 mol%) 






27.0 


(38) CaAl204: Eu, Nd. Er 


10.7 


ID. 1 


(Eu: 0.5 mol% Nd: 0.5 








mol% Er: 0.1 moI%) 






24.0 


(39) CaAl204: Eu, Nd. Er 


10.3 


•iAC\ 


(Eu: 0.5 mol% Nd: 0.5 








mol% Er: 0.3 mol%) 






oo.o 


(9) CaAl204:Eu. Nd. Er 


15.9 


21 .0 


(Eu: 0.5 mol% Nd: 0.5 








mol% Er: 0.5 mol%) 








(40) CaAl204: Eu. Nd, Er 


16.4 


21 .1 


(Eu: 0.5 moI% Nd: 0.5 








mol% Er: 1 .0 mol%) 






30.8 


(41) CaAl204: Eu. Nd, Er 


17.3 


21.7 


(Eu: 0.5 mal% Jd: 0.5 








mol% Er: 2.0 mol%) 






28.5 


(42) CaAi204: Eu, Nd. Er 


20.1 


21.3 


(Eu: 0.5 mol% Nd: 0.5 








mol% Er: 3.0 mol%) 






22.0 


(43) CaAl204: Eu, Nd. Er 


17.5 


17.8 


(Eu: 0.5 mol% Nd: 0.5 








mol% Er: 5.0 mol%) 









It was recognized from the results of the measurements that certain mixtures of the co-activators improved the 
afterglow luminance. Further, it was also recognized that the sample had the most excellent afterglow characteristics 
when with 1 mol% of Eu and 1 mol% of Nd, about 1 mol% of another co-activator was added. 

Next, a phosphorescent phosphor which employs barium, europium and neodymium as the metal element (M). 
an activator and a co-activator, respectively, will be described as example 7 of the applied invention. 

40 Example 7 of Applied Invention BaAl204 : Eu phosphorescent phosphor 

After 1 mol% of Eu was added to the phosphorescent phosphor, further 1 moi% of Nd or Sm was added thereto. 
The results are shown in 7-(1 ) and 7-(2). 

Fig 13 shows the excitation spectrum of the phosphorescent phosphor which employs neodymium as the co- 
activator and the afterglow emission spectrum thereof obtained 30 minutes after excitation is ceased. 

Fig. 14 shows the excitation spectrum of the phosphorescent phosphor which employs samarium as the co-acti- 
vator and the afterglow emission spectrum thereof obtained 30 minutes after excitation is ceased. 

The peak wavelength of emission spectrum is always about 500 nm. the emission spectrum emitting light of green. 
Table 20 shows the results of the comparison between the afterglow characteristics of the obtained BaAl204 : Eu 
phosphorescent phosphor and those of ZnS : Cu phosphor which is available on the market and which emits light of 
green (manufactured by Nemoto & Co.. LTD. GSS. and the wavelength of emission peak 530 nm). indicating relative 
values of the afterglow intensities 10 minutes, 30 minutes and 100 minutes after excitation is ceased. 
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Table 20 



OoiTipiS 


LuminancG 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. ZnS:Cu 


1.0 


1.0 


1.0 


BaAl204: Eu. Nd (Eu:0.5 


1.23 


1.14 


0.885 


mol% Nd: 0.5 mol%) 








BaA!204: Eu. Sm (Eu: 


0.982 


0.911 


0.768 


0.5 mol% Sm: 0.5 mol%) 
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Table 20 shows that BaAl204 : Eu. Nd has a more excellent afterglow luminance than ZnS : Cu phosphor for about 
30 minutes after excitation is ceased. It was found that BaAl204 : Eu. Sm had a little lower afterglow luminance than 
ZnS ■ Cu phosphor. However, it has been confirmed that no fluorescence or afterglow is recognized as a result of 
experiments with only BaAl204 crystal without adding Eu or other co-activator thereto. Therefore, it is evident that the 
effects of activation can be assured by doping Eu. Nd or Sm to BaAl204 phosphorescent phosphor. 

Since BaAl204 : Eu phosphorescent phosphor is an oxide, it is chemically stable and shows excellent photo-re- 
sistance when compared with conventional sulfide phosphors (see Tables 24, 25). 

Next, a phosphorescent phosphor which employs, as the metal element(M). a mixture of calcium and strontium 
will be described as example 8 of the applied invention. 

Example 8 of Applied Invention Synthesis ot SrxCa^-xAl204 phosphorescent phosphor and characteristics thereof 

Strontium carbonate having reagent grade and calcium carbonate having reagent grade were mixed with each 
other at different ratios. Alumina was added to each of the obtained samples. Also, europium and either of lanthanum, 
cerium, praseodymium, neodymium. samarium, gadolinium, terbium, dysprosium, holmium. erbium, thulium, ytterbium, 
lutetium, manganese, tin and bismuth were added to each of the samples as the activator and the co-activator, respec- 
tively, and additionally, 5 g (0.08 mol) of boric acid was added thereto as flux to obtain SrxCai.xA!204 phosphorescent 
phosphor samples In the manner described above. 

Fig 15 shows the results of the examination of the afterglow emissbn spectrum of Sr0.5Ca0.5Al2O4 : Eu, Dy 
phosphorescent phosphor (Eu 1 mol%. Dy 1 mol%). It is apparent from Fig. 15 that when Ca is substituted for a part 
of Sr the emission wavelength is reduced and thus produces an afterglow having a color between that obtained by 
emission of SrAl204 phosphorescent phosphor and that obtained by emission of CaAl204 phosphorescent phosphor. 

Fig 16 shows the results of the examination of the afterglow characteristics of SrxCai.xAl204 phosphorescent 
phosphor samples in which 1 mol% of Eu and 1 mol% of Dy were added as the activator and the co-activator, respec- 

tively . . 

As can be seen from Fig. 16, any of these phosphorescent phosphors shows excellent afterglow characteristics 
and is thus practically applicable as compared with the currently available phosphorescent phosphors shown by the 

broken line in Fig. 16. . ^ u • 

Next, a phosphorescent phosphor which employs, as the metal element (M). a mixture of strontium and barium 

will be described as example 9 of the applied invention. 

Example 9 of Applied Invention Synthesis of SrJ^^.^^\20i^ phosphorescent phosphor and characteristics thereof 

Strontium carbonate having reagent grade and barium carbonate having reagent grade were mixed with each 
other at different ratios. Alumina was added to each ot the obtained samples. Also, europium and either of lanthanum, 
cerium praseodymium, neodymium, samarium, gadolinium, terbium, dysprosium, holmium. erbium, thulium, ytterbium, 
lutetiurii manganese, tin and bismuth were added to each of the samples as the activator and the co-activator, respec- 
tively, and 5 g (0.08 mol) of boric acid was added thereto as flux to obtain SxJQa^.,,^\204^ phosphorescent phosphor 
samples in the manner described above. 

Fig. 17 shows the results of the examination of the afterglow characteristics of SrxBai.xAl204 phosphorescent 
phosphors to which 1 mol% of Eu and 1 mol7o of Dy were added. 

As can be seen from Fig. 17. any of these phosphorescent phosphors shows excellent afterglow characteristics 
and is thus practically applicable as compared with the currently available phosphor shown by the broken line in Fig. 1 7. 

Next, a phosphorescent phosphor which employs, as the metal element (M), a mixture of strontium and magnesium 
will be described as example 10 of the applied invention. 
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Example 10 of Applied Invention Synthesis of SrxMg,.,Al204 phosphorescent phosphor and characteristics thereof 

Strontium carbonate having reagent grade and magnesium carbonate having reagent grade were mixed with each 
oX^M^^^^Tp^r^l was added to each of the obtained samples. Also, europium and either of lanthanum, 
cerium T^^^^^^ neodymium. samarium, gadolinium, terbium, dysprosium, holmium. erbiunv thul.um. ytterbium, 
^uterm manganese, in. and bismuth were added to each of the samples as the activator and the co-act.valor, re- 
speSly^d addit»nally. 5 g (0.08 mol) of boric acti was added thereto as flux to obtain Sr,Mg,.,Al,04 phospho- 
rescent phosphor samples in the manner described above. A, ^ „v,^„h«ro=ront 

Fig. 18 shows the results of the examination of the afterglow characteristics of Sr,Mg,.,Al204 phosphorescent 
ohosohors to which 1 mol% of Eu and 1 mol7o of Dy were added. . • . „ 

AS cJnl s7en from Fig 18. any of these phosphorescent phosphors shows excellent afterglow characteristics 
and t thu praSaliTplicable except for the phosphorescent phosphors in ^^^^^^f^^^^'^^^^^ 
magnesium was 0.1/0.9 as compared with the currently available phosphorescent phosphor shown by the broken Ime 

""Nelrt^ a phosphorescent phosphor which employs a plurality of metal elements and europium the metel^eleme^^^^ 
(M) and an Activator. respectLy and further two types of cc^ctivators. will be described as example 11 of the applied 

inventbn. 

Example 11 of Applied Invention Synthesis of Ca,.,Sr,At04 : Eu. Nd. X phosphorescent phosphor and characteristics 
thereof. 

strontium carbonate having reagent grade and calcium carbonate ^^^^'"9 9f 9^ J'^^f^^^^^^^ 
other at different ratios Alumina was added to each of the obtained samples. Also. 1 mol% of europium 1 mol /» ot 
IZ^^^Z T... C mo % of either of lanthanum, dysprosium and holmium were added to each of the samples 
as^e aSo? the co-activator and another co-activator, respectively, and 5 g (0.08 moO of boric ac-d was added 
fheretot flux io obtain Ca^.^Sr^Al^O^ : Eu. Nd. X phosphorescent phosphor samples 11-(1) through 11-(9) ^ the 
manner described above. Then, the afterglow characteristics of the samples were examined. 

Tr^ntium carbonate having reagent grade and calcium carbonate ^-'"9 ^-^^f^^^^^ 
other at different ratios Alumina was added to each of the obtained samples. Also, 1 mol% of europium. 1 xnoXU ot 

:ecSymirrdfS;^;rmop/^^ 

another co-activator, respectively, to obtain the samples 11-(1) through 11-(3) shown in Table 21. 

Table 21 



Sample 


Luminance 10 minutes 
atter 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS:Bi 
CaA!204: Eu. Nd 
11.(1) (Cao.9 Sro.i)Al204: 
Eu.Nd.La 

(2) (Cao.7 Sro.a) 
Al204:Eu,Nd,La 

(3) (Cao.5 Sfos) 
AUO^:Eu,Nd,La 


1.0 
9.87 
15.2 

5.53 

6.30 


1.0 
14.0 
17.1 

4.96 

3.08 


1.0 

25.0 
19.0 

3.35 

Measurement limit 


strontium carbonate having reagent grade and calcium carbonate t^^y-Q ^^^f ^^^^^^^^^^^^^ 
other at different ratios Alumina was added to each of the obtained samples. Also. 1 mol /o of europium, 1 ^ol/o o 
tX^T^li^T., 1 mol% of dysprosium were added to each of the samples as the activator the co-activator 
an^anoZ co-actK,ator, respectively, to obtain the samples 11-(4) through 11-(6) shown in Table 22. 




Table 22 




Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrS.Bi 
CaAl204: Eu, Nd 


1.0 
9.87 


1.0 
14.0 


1.0 
25,0 




' Continuation of the laDie on ine nexi payo 
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Table 22 (continued) 



TO 



15 



Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


(4) (Ca0.9Sr0.1)Al2O4: 
Eu.Nd.Dy 

(5) (CaO.7 Sr0.3)Al2O4: 
Eu.Nd.Dy 

(6) (CaO.5 Sr0.5)Al2O4: 
Eu.Nd.Dy 


13.2 
B.OO 
3.36 


14.6 
7.46 
3.08 


20.4 
9.05 

Measurement limit 


Strontium carbonate having reagent grade and calcium carbonate having reagent grade were mixed with each 
other at different ratios. Alumina was added to each of the obtained samples. Also. 1 mol% of europium. 1 mol/o of 
neodymium and further. 1 mol7o of holmium were added to each of the samples as the activator the co-activator and 
another co-activator, respectively, to obtain the samples 11 -(7) through 11 -(9) shown in Table 23. 




Table 23 




Sample 


Luminance 10 minutes 
after 


Luminance 30 minutes 
after 


Luminance 100 minutes 
after 


Std. CaSrSiBi 
CaAl204: Eu, Nd 

(7) (Ca0.9Sr0.1)Al2O4: 
Eu.Nd.Ho 

(8) (CaO.7 Sr0.3)Al2O4: 
Eu.Nd.Ho 

(9) (CaO.5 Sr0.5)Al2O4: 
Eu.Nd.Ho 


1.0 
9.87 
13.9 

8.25 

2.91 


1.0 

14-0 
15.3 

7.81 

2.62 


1.0 
25.0 
21.4 

9.95 

3.65 



20 



25 



30 



35 



40 



45 



50 



55 



As can be seen from the results of the measurement, the phosphorescent phosphors which employ calciunrt and 
strontium as the metal element (M). employ europium as the activator and employ a plurality of co-activators shows 
excellent afterglow characteristics than CaSrS : Bi and further the luminance 10 minutes after excitation was more 
excellent than CaSrS : Bi. 

Example 12 of Applied Invention Humidity test 

Table 24 shows the results of the examination of moisture resistance characteristics of phosphorescent phosphor 
obtained according to the present invention. 

in the humidity test, a plurality of phosphorescent phosphor samples were left for 500 hours in a constant temper- 
ature and humidity bath which was adjusted to 40«C and 95%RH. and the resultant changes in the luminance of each 

of the samples were measured. ^ « tK...^ 

As can be seen from Table 24. none of the samples was affected by humidity and the samples were thus stable. 

Table 24 



Sample 


Before test 


After test 


SrAl204: Eu. Dy (Eu: 0.5 mol7o Dy: 0.5 mol7o) 
CaAl204: Eu. Nd (Eu: 0.5 mol% Nd: 0.5 mol7o) 
Sro sCao 5AI2O4 : Eu. Dy (Eu: 0.5 mol% Dy: 0.5 mol%) 
Sro sBao 5AI2O4 : Eu. Dy (Eu: 0.5 mol% Dy: 0.5 mol%) 
Sro sMgo SAI2O4 : Eu, Dy (Eu: 0.5 mol% Dy: 0.5 mol7o) 


1.0 
1.0 
1.0 
1.0 
1.0 


1.01 
0.99 
1.00 
0.99 
1.02 



Example 13 of Applied Invention Photo resistance test 

Fig. 25 shows the results of the photo resistance test conducted on the phosphorescent phosphors according to 
the present invention together with the results obtained from zinc sulfide phosphor. 

This test was conducted conforming to JiS standard on the sample placed in a transparent container whose hu- 
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midity was adjusted to saturated humidity by irradiating the sample by a mercury lamp of 300 W located at 30 cm above 
the sample lor 3 hours. 6 hours and 12 hours, respectively, and by measuring changes in the luminance caused by 

irradiation. ^. ... 

As can be seen from Table 25. phosphorescent phosphors according to the present invention are very stable as 

compared with conventional zinc sulfide phosphor. 

TABLE 25 
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Sample 



Std. ZnS.Cu 

SrAl204: Eu. Dy (Eu: 0.5 mol% Dy: 0.5 mol%) 
CaAl204: Eu. Nd (Eu: 0.5 mol% Nd: 0.5 moP/o) 
SrosCao.5Al204: Eu. Dy (Eu: 0.5 mol% Dy: 0.5 
mo!%) 

Sro5Bao.5Al204: Eu. Dy (Eu: 0.5 mol% Dy: 0.5 
moi%) 

Sro.sMgo.5Al204: Eu. Dy (Eu: 0.5 mol% Dy: 0.5 
moi%) 



Before test 


3 hours after 


6 hours after 


12 hours after 


1.0 


0.91 


0.82 


0.52 


1.0 


1.01 


1.00 


1.01 


1.0 


1.00 


1.01 


1.00 


1.0 


1.00 


0.99 


1.00 


1.0 


1.01 


1.01 


1.01 


1.0 


1.00 


1.00 


0.99 



The foregoing phosphorescent phosphor is made of the novel phosphorescent phosphor material, which is com- 
pletely different from the materials of the conventional sulfide phosphors. The foregoing phosphorescent phosphor 
exhibits afterglow characteristics lasting for a considerabfy longer time and higher luminance as compared with those 
of the conventional phosphors, and furthermore chemically stable because the phosphorescent phosphor is made of 
an oxide substance and exhibits excellent photo-resistance. . . „^ 

The phosphorescent phosphor according to the applied invention and expressed as MAI2O4 is not limited to the 
composition in which M, Al and O are accurately contained as 1 :2:4. The ratio can accidently be out of the foregoing 
value by a somewhat degree due to any of a variety of conditions. As a matter of course, the somewhat deviation of 
the ratio is within the range of the foregoing applied invention so far as the foregoing effects can be obtained. 

Accordingly, the applicant of the present invention measured the luminance of phosphorescent phosphors respec- 
tively arranged to have intentionally deviated ratios. 

As a result, a fact was found that excellent afterglow luminance could be sometmes realized even if the foregoing 
ratio was not satisfied. 

SUMIV/ARY OF THE INVENTION 

In view of the foregoing, an object of the present invention is to provide a phosphorescent phosphor of a type 
having a composition in which M. Al and O are contained at an optimum ratio among phosphorescent phosphors 
exhibiting afterglow characteristics lasting for a considerably longer time and significantly higher luminance as com- 
pared with the currently available phosphor, and is chemically stable because the phosphorescent phosphor is made 
of an oxide substance and having excellent photo-resistance. 

in order to achieve the foregoing object, according to claim 1 of the present Invention, there is provided a phos- 
phorescent phosphor comprising a matrix and having a composition expressed by M,.,Al204., (except X = 0) in which 
M is at least one metal element selected from a group consisting of calcium, strontium and barium, wherein europium 
is doped to said matrix as an activator and at least one element selectedfrom a group consisting of lanthanunri, cerium 
praseodymium, neodymlum, samarium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium and 

lutetium is doped to said matrix as a co-activator. ..... hi, v i= i„ = 

According to claim 2 of the present invention, a phosphorescent phosphor according to claim 1 is that X is in a 

range - 0.33 ^ x ^ 0.60 (except x = 0). ^ n nM 0/ 

According to claim 3 of the present invention, a phosphorescent phosphor according to claim 1 is that 0 002 /» to 
20 % of europium is doped to said matrix as an activator in terms of mol% relatK/e to the metal element expressed by 1^. 

According to claim 4 of the present invention, a phosphorescent phosphor according to claims 1 is that 0.002 /., 
to 20 % of at least one element selected from a group consisting of lanthanum, cerium, praseodymium, neodyrriium, 
samarium gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, manganese tin and bis- 
muth is doped to said matrix as a co-activator in terms of mol% relative to the metal element expressed by M. 

According to claim 5 of the present invention, there is provided a phosphorescent phosphor according to claim 1 

that maqnesium is doped to M. ._ * i - o 

According to claim 6 of the present Invention, there is provided a phosphorescent phosphor according to claim 2 
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that 0.002 % to 20 % of europium is doped to the matrix as an activator in terms of mol7o relative to the metal element 
expressed by M. 

According to claim 7 of the present invention, there is provided a phosphorescent phosphor according to claim 2 
that 0.002 % to 20 % of at least one element selected from a group consisting of lanthanum, cerium, praseodymium, 
s neodymium, samarium, gadolinium, terbium, dysprosium, holmlum, erbium, thulium, ytterbium, lutetium, manganese, 
tin and bismuth is doped to the matrix as a co-activator in terms of mol% relative to the metal element expressed by M. 

According to claim 8 of the present invention, there is provided a phosphorescent phosphor according to claim 6 
that 0.002 % to 20 % of at least one element selected from a group consisting of lanthanum, cerium, praseodymium, 
neodymium, samarium, gadolinium, terbium, dysprosium, holmlum, erbium, thulium, ytterbium, lutetium, manganese, 
10 tin and bismuth is doped to the matrix as a co-activator in terms of mol% relative to the metal element expressed by M. 

According to claim 9 of the present invention, there is provided a phosphorescent phosphor according to claim 2 
that magnesium is doped to M. 

According to claim 10 of the present invention, there is provided a phosphorescent phosphor according to claim 

6 that magnesium is doped to M. 

IS According to claim 1 1 of the present invention, there is provided a phosphorescent phosphor according to claim 

8 that magnesium is doped to M. 

According to claim 12 of the present invention, there is provided a phosphorescent phosphor according to claim 
3 that 0.002 % to 20 % of at least one element selected from a group consisting of lanthanum, cerium, praseodymium, 
neodymium. samarium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium, manganese. 
20 tin and bismuth is doped to the matrix as a co-activator in terms of rr\o\% relative to the metal element expressed by M. 

According to claim 13 of the present invention, there is provided a phosphorescent phosphor according to claim 

3 that magnesium is doped to M. 

According to claim 14 of the present invention, there is provided a phosphorescent phosphor according to claim 

4 that magnesium is doped to M. 

25 According to claim 15 of the present invention, there is provided a phosphorescent phosphor according to claim 

7 that magnesium is doped to M. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 Fig. 1 is a graph showing the results of analysis of a crystal structure of SrAl204 : Eu phosphorescent phosphor 

by XRD; 

Fig. 2 Is a graph showing the excitation spectrum of SrAl204 : Eu phosphorescent phosphor and the emission 
spectrum thereof obtained 30 minutes after cessation of excitation; 

Fig. 3 is a graph showing the results of the comparison between the afterglow characteristics of SrAl204 : Eu 
35 phosphorescent phosphor and the afterglow characteristics of ZnS : Cu phosphor; 

Fig. 4 is a graph showing the thermo-luminescence characteristics of SrAl204 : Eu phosphorescent phosphor; 
Fig. 5 is a graph showing the results of the comparison between the afterglow characteristics of SrAl204 : Eu, Dy 
phosphorescent phosphor and the afterglow characteristics of ZnS : Cu phosphor; 

Fig. 6 is a graph showing the thermo-luminescence characteristics of SrAl204 : Eu, Dy phosphorescent phosphor; 
40 Fig. 7 is a graph showing the thermo-luminescence characteristics of SrAl204 : Eu, Nd phosphorescent phosphor; 

Fig. 8 is a graph showing the results of analysis of the crystal structure of CaAl204 : Eu phosphorescent phosphor 
by XRD; 

Fig. 9 is a graph showing the thermo-luminescence characteristics of CaAl204 : Eu, phosphorescent phosphor 
which employs neodymium or samarium as the co-activator; 
45 Fig. 10 is a graph showing the thermo-luminescence characteristics of CaAl204 : Eu phosphorescent phosphor 

which employs dysprosium or thurium as the co-actlvator; 

Fig. 11 is a graph showing the emission spectrum of CaAl204 : Eu phosphorescent phosphor obtained 5 minutes 
after cessation. of excitation; 

Fig. 12 is a graph showing the results of the comparison between the afterglow characteristics of CaAl204: Eu, 
so sm phosphorescent phosphor and CaAl204 : Eu, Nd phosphorescent phosphor and the afterglow characteristics 

of ZnS : Cu phosphor; 

Fig. 1 3 is a graph showing the excitation spectrum oi BaAl204 : Eu. Nd phosphorescent phosphor and the emission 
spectrum thereof obtained 30 minutes after cessation of excitation; 

Fig. 1 4 Is a graph showing the excitation spectrum of BaAl204 : Eu, Sm phosphorescent phosphor and the emission 
SS spectrum thereof obtained 30 minutes after cessation of excitation; 

Fig. 15 is a graph showing the emission spectrum of Sr0.5Ca0.5Al2O4 : Eu, Dy phosphorescent phosphor; 

Fig. 16 is a graph showing the results of the comparison between the afterglow characteristics of Srxcai.xAl204 : 

Eu, Dy phosphorescent phosphor and the afterglow characteristics of ZnS : Cu phosphor and CaSrS : Bi phos- 
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alX^owinJ, ,h. ..suits ol ,h, comparison me atoglcw oha,ac»ns,i» ol Sn<B,,.,A,p,: 

Eu.' Dy phosTholioent phosphor and the afterglow characteristics of Zr.S : Cu phosphor. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



(1) Sr:AI = 1:1 ,5 X = - 0,33 Sr, .33AI2O3.33 : Eu, Dy 

(2) SrAl = 1:1.9 X = - 0.05 Sr, 05AI2O4.05 ■ 

(3) Sr:AI = 1:2.0 X = 0 Sr, o(,Al204.oo • °^ 

(4) SrAl = 1 :2.1 X = 0.05 Sro.g5Al2O3.95 . Eu. Dy 

(5) SrAl = 1:2.5 X= 0.20 SrogoAlgOago : Eu, Dy 

(6) SrAl = 1:3.0 X = 0.33 Sf^^-^Mp^^sr ■ °^ 

(7) SrAl = 1:4.0 X = 0 50 SrogoAlgOaso : Eu, Dy 

(8) Sr:AI = 1:5.0 X = 0.60 Sro4oAl203 4o : Eu. Dy 

Th. samples ,„ » (8) w.™ .-PO-.r., ^oogh, u= a a», ZT:S"^:^!^ 

0 was made to be 100. Table 26 shows the results. 

Table 26 



Sample 



(1) Sr, 33Al205.33:Eu, Dy 

(2) Sr1.05AI2O4.05 Eu. Dy 

(3) Sr^.ooAl204.oo ^y 

(4) Sro.95AI2O3.95-E". Dy 

(5) Sro.80Ai2O3.8O •• Eu, Dy 

(6) Sro.67Al203.67-Eu, Dy 

(7) Sro.50Al2O3.50 Eu, Dy 

(8) Sro.40AI2O3.40 : Eu. Dy 



Luminance 



10 
45 
100 
100 
110 
90 
60 
30 



,3, r:rs s^rr.r.^^^rrr^-^^^^^ 

°' '"Clas ;?"o'''(6Tr.«S'pho.pho,,sesn, phosphors aach U^, .«.sea« .pecum peaK a, ato., 520 

^ O-^^- * ui K^inn fi '^T < X < 0 60 was understood from the toregoing 

a^rrv;rr:ra'raS:s^s=.«^^^^^ 

was observed. ^^ni^r, ^v^raQQ^iH hv M AUO^ of a type containing calcium 

Then, a phosphorescent phosphor having a composition expressed by M,.,Al204., or a yp 
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as the metal element (M). europium serving as the activator and dysprosium serving as the co^ctivator and in the 

form of Ca. AUOa ' Eu, Dv will now be described- 

The cJncentraton of doped Eu and Dy was 0.01 mol wrth respect to the quantity of calcium^ 

The ratios of calcium and aluminum, the values of X and the phosphorescent phosphor samples (1) to (8) were 

as follows: „ ,- 

(1 ) Ca-.AI = 1:1 .5 X = - 0.33 Ca, 33AI2O5.33 : Eu, Dy 

(2) Ca:AI = 1:1.9 X = - 0.05 Ca, 06AI2O4.05 ■ ^u. Dy 
(3) Ca;Al = 1 :2.0 X = 0 Ca, .00^1204.00 ■ ^u. Dy 

(4) Ca:AI = 1 :2.1 X - 0.05 95AI2O3 95 : Eu. Dy 

(5) Ca;AI = 1 :2.5 X = 0.20 CBq 80AI2O3.80 : Eu, Dy 

(6) Ca:AI = 1 :3.0 X = 0.33 Ca^ 67AI2O3 57 : Eu, Dy 

(7) Ca:AI = 1 :4.0 X = 0.50 Ca,, 50AI2O3 50 : Eu. Dy 

(8) Ca:AI = 1 :5.0 X = 0.60 Ca^ 40AI2O3.40 : Eu, Dy 

The samples (1) to (8) were temporarily brought to a non afterglow state, and then the samples were allowed to 
stand a' rZ temperature for 20 mhutes. Then, the luminance attained three minutes after was visually measured, 
Tthe forS Sate, the afterglow luminance was subjected to a comparison with that attained ,n a case where X = 
0 was made to be 100. Table 27 shows the results. 

Table 27 



Sample 


Luminance 


(1) Cai .33AI2O5 33: 


Eu, Dy 


70 


(2) Cai .05Al2O4,05- 


Eu. Dy 


90 


(3)Cai,ooAl204.oo- 


Eu. Dy 


100 


W Cao.96AI2O3.95 • 


Eu, Dy 


80 


(5) Cao.80AI2O3.8O 


Eu, Dy 


40 


(6) Cao.67AI2O3.67 


Eu, Dy 


20 


(7) Cao.50AI2O3.50 


Eu. Dy 


15 


(8) Cao.40AI2O3.40 


: Eu, Dy 


10 
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As can be understood from Table 27. the afterglow luminance of samples (1), (2) and (4) to (6) was inferior to that 
of sar^ple (3) whbh was CaAip^ : E". Dy and in which X = 0, but the foregoing samples were satisfactonly used^ 

Th?s f L Shiphorescent p'hospho; containing calcium as the metal element (M). europmm sen/ing as the a^^^ 
tivator and dysprosium serving as the co-activator satisfies - 0.33 ^ X s 0.60 when the P^°«P*^°^^^f;; Pj°=P^i^ 
e^SsSd 2 Ca,.,Al204-. : Eu, Dy. practically high afterglow luminance could be obtained, more preferably - 0.33 S 

^ l^en. a phosphorescent phosphor having a composrtlon expressed by M,.,Al204 of a ^P^^°"j^'7^^^^^^ 
the metal element (M), europium sen/ing as the activator and dysprosium serving as the co^ct^ator and in the form 
of Sr. AUOa - ■ Eu, Dy will now be described. , , . 

The concentration of doped Eu and Dy was 0.01 mol with respect to the quantity of calcium. 

^!;e r^^s oi ba°um and aluminum, the values of X and the phosphorescent phosphor samples (1 ) to (7) were as 

follows: „ ^ 

(1) Ba;Al = 1:1.5 X = - 0.33 Ba, 33AI205 33 : Eu, Dy 

(2) Ba:AI = 1:1.9 X = - 0.05 Ba, 05AI2O405 : Eu. Dy 

(3) Ba:AI = 1 :2.1 X = 0.05 Bag 95AI2O395 : Eu, Dy 

(4) Ba:AI = 1 :2.5 X = 0.20 BaQ 80AI2O3.80 : Eu, Dy 

(5) Ba:Al = 1 :3.0 X ^ 0.33 Bao.67Al203 57 : Eu, Dy 

(6) Ba:AI = 1 :4.0 X ^ 0.50 Bao.soAlgOg jq : Eu. Dy 

(7) Ba: Al = 1 :5.0 X = 0.60 BaQ 4oAl203 : Eu, Dy 

Tho camni«., m to (7^ were temporarily brought to a non afterglow state, and then the samples were allowed to 
stan^at Zte^P^^^^^^^^ 

fn *e fXTng^ate, the afterglow luminance was subjected to a comparison with that attained in a case where X - 
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0 was made to be 100. Table 28 shows the results. 



Table 28 
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Sample 


Luminance 


5 


(1) Ba^ 33AI2O5.33 : 


Eu= Dy 


10 




(2) Ba1.05Al2O4.05" 


EU: Dy 


20 




(3) Ba<j.95Al203 95 : 


Eu, Dy 


100 




(4) Bao.80Al2O3.8O 


EU: Dy 


110 


10 


(5) Bao.67Al2O3.67 


Eu, Dy 


105 




(6) Bao.50Al2O3.50 


Eu, Dy 


70 




(7) Bao.40AI2O3.40 


: Eu, Dy 


50 



' ° Even if the ratio of europium serving as the act^^ator and the dysprosium serving as the co-actK,ator was changed 
(M) if the compound having the composition expressed by M1.XAI2O4.X met u.dJ _ a _ a 

nese, Tin ana oismuu. u y ^^ti^otnr if X of a comDound having a composition expressed by W\^,^^hP^-x 

^'t' td^T/^r^O aSerg ur;^n ^ce w^^^ in th'e viewpoint of practfca. use was attained. 

^^^^^ 

if X of a compound having a composition expressed by Mi.,Al204.^ satisnea u. _ a _ 
which was satisfactoiv in the viewpoint of practical use was attained. 

hence chemically stable and shows excellent photo-resistance. 

a ml^tat^^tdTcfion board whK:h guides a guest from a gate to a front door, indication on helmet 

Outdoor indicator : signboard, indicator for buildings, indicator for the key hole of automobile. 

Indoor indicator ; electrical appliance switches 

Stationery : writing instruments, luminous ink, map, star chart 
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I*JJia?Sage''"sports ball, fishing tackles, threads, cloths, back-light for liquid crystal (for use in. for example, 
clock), replacement of isotope used for discharge tube 

s As described above, the present invention relates to a novel phosphorescent phosphor which Is completely different 

from well-known sulfide phosphors, and has much longer high-luminance afterglow characteristics as <^°n;Pf ^^"^^^^^^^^^ 
sulfide phosphors which are available on the market. Further, the phosphorescent phosphor «'^°'^'"9 »° f^^^^^^^^^ 
invent-on is chemically stable because is an oxide and has excellent photo-res,stance^ Among ^^P^^^.tir^^^'^SL 
phors exhibiting excellent photo-resistance, a phosphorescent phosphor containing M. Al and O at an optimum ratio 

10 can be provided. 
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1 A phosphor comprising a matrix of fomiula M^.^M^P^x wherein M is at least one metal ^e'ected f r^ cak:iurn. 
strontium and barium, and X is a number not equal to 0. the matrix comprising europium as act«,ator and. as co- 
StoTat least one element selected from lanthanum, cerium, praseodymium, neodymium samarium, gadolin- 
ium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, lutetium. manganese, tin and bismuth. 

2 A phosphor comprising a matrix of formula M1.XAI2O4.X wherein M comprises magnesium and at least one metal 
se^cteS from ca^l^ium' strontium and barium, and X is a number not equal to 0, the matrix compnsing europium 
as activator and as co-activator, at least one element selected from lanthanum, cenum, praseodymium, neodym- 
fum lamarium, gadolinium, terbium, dysprosium, holmium. erbium, thulium, ytterbium, lutetium. manganese, tin 
and bismuth. 

3. A phosphor according to claim 1 or 2, wherein X is in the range from -0.33 to 0.60. 

4. A phosphor according to any one of claims 1 to 3. wherein the matrix comprises 0.002 to 20 mol% of europium 
relative to the metal or metals represented by M. 

S A Phosphor according to any one of claims 1 to 4. wherein the matrix comprises 0.002 to 20 mol% of at least one 
ICnt selectS ul lanthanum, cerium, praseodymium, neodymium, samarium, sadoHnlum, te*^^^^^^^^ 
slum, holmium, erbium, thulium, ytterbium, lutetium. manganese, tin and bismuth relative to the metal or metals 
represented by M. 

6. A composition which comprises a phosphor as claimed in any one of claims 1 to 5 mixed with a plastic material, 
rubber, glass or ink. 

7 Amethodofimpartingaftergbwcharacteristicstoasubstrateselectedfromagauge.clockdialsafetysi^^^ 

key key-hole traffic sign, guard rail, fishing buoy helmet, signpost, electrical switch, writing instrument, n^ap toy 
or^orLbalT Which methc^ comprising applying to the said substrate a phosphor as claimed in any one of claims 
1 to 7. 
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Fig. 4 



(1) 20 seconds after irradiation of 065 stondard light for 2 seconds 
m 20 seconds after irradiation of 065 standard Uglit for 4 seconds 
lllj seconob uiv.c qtnndard light for 8 seconds 

(in) 20 seconds after •'•'•^^'.^^V " nf nsl standard ight for 20 seconds 
(rV) 20 seconds after irradiation of D65 stanaaro uyn 
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Fig.6 



conds ofter irrodiotion of D65 standord Ught for 1 second 
conds ofter irrodiation of 065 standard light for 2 secon 
econds otter irrodiotion of 065 stondord light for 4 seco, 
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Fig.7 



a, 20 seconds after "^^Vsr^oV VJf^Vf^r ^ 
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Fig.l1 
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